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SYNOPSIS 

^The cantilever construction lias considerable relevance 
in long span bridge construction, The limiting spans of the 
cantilever and the effects of s-ther parameters in the limiting 
spans were discussed in the first part, The spacing of the 
piGM could be increased to a considerable extent by adopting 
the cantilever construction* The main part of the investiga- 
tion IS on the economic design criteria of the cantilever 
bridge. The weight of the individual segments and the relative 
weights of the individual segments with respect to the support 
segment have considerable influence on the req.ulrement of the 
prestrescT* force and the total economy. The variation of the 
weight of the bridge and the prestressing steel requirements 
based on different variables in the bridge design are studied 
using a computer programme of nondimensionalized parameters. 

The work establishes a basis of selection of various quanti- 
ties of design such as the depth, variation of the depth along 
the length of the beam, the shape factor and the relative 
thicknesses of the various portions ©f the cross section, The 
area of steel requirement is very sensitive to the weight of 
the segments. The ranges of economic percentage of steel for 
different range of spans are suggested. An illustrative 
example of a bridge using the results of the investigation is 
presented. The example illustrates that some assumptions which 
may not sound of much consequences, affect the design considerably. 
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CHAPTER I 


WTROBUOTIOIT 


I 4 I long Span Prestressed Bridges J 

The practice of pre&tres&ing, although simple, has 
caused a revolution in the design of concrete structures. 

This method •*prestre&sing' is more inte-resting in the case 
of long span bridges v/ith. xhe choice of segmental construc- 
tion, About 35 to 40 m spans were considered to be economical 
and satisfactory in reinforced concrece bridges (1; , A good 
application of the high concrebe strength in the design of 
concrete members and the skill developed for 30 years in 
actual field work have tended to give further confidence to 
the designer and builder. This has enlarged the scope of 
application of prestressing to long span bridges. 

The Western Avenue Extension is an example of the 
role of prestressed concrete in intensive urban development 
(2), With a length of 4 KM of prestressed concrete consbru- 
ction, this IS the longest elevated highway in Europe, The 
segmental units 28,6 m wide and weighing upto 135 tons are 
some of the biggest segments cast in U.K, A stretch of 
1200 m of this roadway has been constructed using the seg- 
mental construction techniques. There are numerous simply 


* Numbers withjn the brackets indicate the references* 
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supported solutions in the long sDan bridges, in the range 
of 30 to 45 m. The longest simply supported span is Mayo Oulo 
bridge in Oameroons with a span of 83.8 m ( 1 ), The majcimujn 
simply supported span reported in India is 52,5 ra. The limi- 
tations of the launching equipment and the skill required to 
construct longer spans, with girder depth exceeding 3 , 7 m 
have acted as constraints. The solution has taken one of the 
following types of bridges ( 3 ). 

a. Balanced cantilever bridges (Fig, 1 , 1 ) - 
Spans 40 m to 85 m 

b. Hammer head type (Fig, 1,2) - 
Spans 30 m to 75 m 

c. Cantilever type (Fig, 1,4 to Fig. 1.8) - 
Spans 60 m to 180 m 

d. Bridle-chord or Suspension bridge ( 4 ) (Fig.l . 3 ) 
Spans 120 m to 300 m 

a. Balanced Cantilever Type: 

Balanced Cantilever bridges consist of spans simply 
supported over cantilevers as shown in Fig. 1,1, The problem 
in Balanced Cantilever bridge is not concreting and stressing 
of new units but of the fact that the central unit weighing 
heavily has to be supported on a heavy sturdy staging and 
transported. The number and type are too many, some of which 
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cause high frictional forces on account of reverse curvature, 

b. Hammer Head Type: 

In Hammer head type (Pig, 1,2) semicontinuity is 
realized as in the case of balanced cantilever but in a more 
elegant manner. It is a simple solution for the practical 
difficulties of cantilever construction. In this the maximum 
cantilever that can be provided for the hamnier head is about 
10 m and this means the maximum span that can be realized is 
approximately 75 m (1), The question of prestressing the 
Hammer head has often been considered but it has been found 
tha-t it would be cheaper to go in for reinforced concrete, 

A good example for Balanced Cantilever type is the 
completed Bhsgirathi bridge (Pig, 1.1) and the Hammer head 
type IS that of Kosi bridge (Pig, 1,2), The maximum span 
constructed in India to date by Hammer head system is 64*5 m. 

c. Cantilever Type; 

The cantilever type construction came into being as 
a natural extension of the philosophy of the Hammer head type 
where the cantilever extended beyond the perimeter of the 
foundation. This type of construction has been found to be 
convenient and competicive where the conditions of bridge 
site prohibit erection of centring in the river bed. Such a 
situation is found in creek areas where deep water and high 
tidal conditions are present. Also in deep ravines where 
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sudden fast flov/ing mountain stre'ms are to be fesred and in 
rivers with continuous navigation. The free cantilever method 
of construction vvith moving form is advantageouf in areas v/ith 
difficult accessibility. The method also provides a solution 
to the problem of building elevated high’vays in cities. One 
of the important advantages of the cantilever construction is 
the facility it provides for providing cable trajectories 
v/ithout reverse profile. 

1 .2 Cantilever Construction: 

Basically, cantilever construction is a method of 
progressive construction of adding a senes of precast symme- 
trical fashion on both sides of a supporting pier. Is the 
cantilever is increased in length they balance each other, 

And each pier of castings added is prestressed by two or more 
cables passing over the pier. Sometimes on acoount of bed 
conditions, the shore cantilever may have to be supported on 
the abutment or may have to be shortened as compared to the 
rjver side cantilever, in which case, it may require provision 
of dead weight v/ith non-structural concrete or sand. In moun- 
tain areas, shore side being of short length, the support 
IS pinned to the rock or effectively counterbalanced by a 
count erv'/ei^t block. 

The type of joints to be adopted, where the two 
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cantilevers from adjacent piers meet at about the centre of 
the span is entirely dependent on foundation strata. The 
junctions can (1 ond 5) be classified as: 

(i) Cantilevers 'vith short suspended span, determinate 
for dead and live load (Fig, 1,4), 

(ii) Cantilevers with a central hinge (Fig, 1,5). 

(ill) Cantilevers with a short suspended span, made 

continuous for live load, 

(iv) Cantilevers joined at centre of span (Fig. 1.6), 

The general approach is to provide a hinge at the 
centre of span of cantilever, where the expected settlement 
of the foundation is v/ithin 25 percent of the deflection 
caused by liveload at the centre of span. Where the settlement 
IS large, a short suspended span is normally proposed as in 
the case of Barack bridge at Badarpur (Fig, 1,4). Cantilevers 
joined at the centre of span, where foundations are resting 
on rock as at Bassein Greek bridge (Fig, 1.6), continuity is 
likely to give hetber riding qualities for traffice over the 
bridge. 

The longest span in cantilever construction is 
reported under construction at the Parana Lake bridge, 

Brasilia (6). The structure has a total length of 440 m, a 
width of 13,50 m. The central span of 220 m and two end spans 
of 110 m will be constructed by cantilever method with cast 
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in situ sectionr of 5 The longest bridge span that has 
been constructed so far by cantilever method is the main 
span Bendorf Bridge (Big* I#?) over the Bhine with 208 m. 

The longest span of cantilever bridge in India, is that of the 
lubha bridge in Assapt with a span of 140 m (Big.l ,8). 

The cross sections of all the bridges described 
above are either of the 'T ’ or the box type, A box section on 
account of its high torsional rigidity appears to be most 
satisfactory for cantilever construoti^n* 

1,3 Statement of the Problem; 

The cantilever construction is economical for long 
span bridges under spe.cial recommended cases. Precasting and 
launching have become a distinct possibility and spans from 
90 to 140 ra have been constructed in India by cantilever con- 
struct ion. Spans of 180 ~ 240 m are under study (3). Naturally 
the question arises, are there any limits on the span in the 
cantilever construction, and if at all any limit is bhere, then 
what are the bounds , In achieving this limit s rational basis 
of economic design method is developed. 

This thesis presents the design of long span canti- 
lever bridges based on minimum weight principles using the 
non-dimensionalized parameters, Khachaturian (9) has developed 
non-dimentionalized governing equations for the design of 
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simply supported prestressed concrete beams based on a,llov/able 
stresses, The equations are exx ended to cantilevers. The 
solutions of the equation., are used in the computer programme 
to give complete design-iietails of e tv/o lane bridge with the 
IRC loading for different spans. The effects of the depth of 
beam, shape of the benm, cross sectional area variations and 
other parameters like live load to dead load ratio are illu- 
strated rfVith respect to various spans. In the present work, 
the minimum vvei,^t design of cantilever type bridge is studied 
with the permissible stress coefficients both at the transfer 
and service load conditions as the main design variable. 

While optimising a prestressed concrete flexural 
member, the two factors which deserve considerations are the 
minimum weight and the mininiurii cost. The v./elght of the member 
influences the launching operations and the loads acting on 
the substructure. This minimum weight design is likely to 
bring savings in other items of construction and this is 
paj. uicularly true in the case of the cantilever construction. 
Economy can be achieved by minimizing the total cost of the 
member. The fluctuations in prices ^nd many other cost para- 
meters make the study of optimisation based on cost criteria 
of temporary significance. It was, hence thought logical to 
lay a design procedure for obtaining minimum weight design, 

A minimum weight section in which the stresses at transfer 
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and in service satisfy the permissible stresses exactly 
(called as efficient section) is <-'lso likely to be- minimum 
cost section provided the section does not demand extra steel 
from the ultimate flexural considerations. 

In a fully stressed design of a prestrossed concrete 
structure the stresses at transfer and working conditions are 
designed to the raaximurn permissible stresses. Because of the 
bounds imposed in long span bridges on depth/span ratio, top 
flange width/depth ratio etc., it is not always possible to 
have a full stress design. For various spans the range of 
maximum value of stresses are worked out for minimum weight 
design, 

A procedure is also laid out for the effective cur- 
tailment, the eccentricity of steel in the intermediate sections 
and the cross sectional and height variations along the span, 

A complete numerical example is worked out for a cantilever 
of span 90 m in Chapter III. Results of the numerical example 
and the conclusions drawn from the investigations are also 
discussed in Chapter III, 



CHAPTER II 


FORItTOLATIOW OP THE DESIGL PROBLEM 

2.1 Governing Equations for Working Lord Designs 

In working loa-d design, the stresses in nember due 
to various (Vorking loads are calculated assuiaing elastic 
behaviour of the material and these stresses are kept belov/ 
certain allowable stresses. The stresses are adopted ba-sed 

on an arbitrary safety of the material. 

) 

Prestressed concrete beans are subjected to two limi- 
ting conditions of loading, 

(i) loads at trails fer 
(ii) Critical working loads. 

At transfer condition, prestressing force is maximum and 
concrete strength is minimum. At working load condition, con- 
crete strength is maximum and prestressing force is minimum 
while superimposed and live loads are at mc^imum. 

Extreme stresses occur a.t bottom and top fibres of 
a beam a.t a given cross section for each of the load conditior" 
Hence the working load design is governed by the extreme fibre 
stresses in the two load conditions. The expressions for the 
stresses of a cantilever beam (Pig. 2.1) are 




Pl$ CONDITION AT VfiANSfBR 
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(i) Stress condition at transfer (Pi-g, 2.2) ; 


+ 1 ) - = c.a <c', (5 

A ' 2 ^ I ct cu — ct on 


( 2.0 


I’t ,®yb . y. 
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( 11 ) Stress condition at ’//orking (Pig. 2,5) : 
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!!iZi 
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< c f <5* 
cu “ te cu 


(2.4) 


where 


= prestressing force at transfer 
A = gross cross sectional area of the heara 
I = moment of inertia of the team 
r = radius of gyration of the beam 

M = bending moment due to self weight of the beam 

O 

= bending moment at working load (M.^. = Mg+M^+M^ '' 
Mg = bending moment due to superimposed load 

M-j^ = bending moment due to live load 

\ = Mg + 
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GU 

H = 

°cc “ 
°ct ~ 


^te ~ 
^tt = 


C J c 
cc 


, I - 

'tt “ 


= 

yt = 


ultiH'^te cube strength of concrete 
ef fcctivenc&s of prestressing force (P /P. ) 
conprcGsion stress coefficient at working load 
compression stress coefficient at transfer 
bcnsion stress coefficient at effective load 
tension stress coefficient at transfer 

ct’ ^te’ 

limiting nilov/ablc stress coefficients 
distance of bottom fibre from C,G-,C. 
distance of top fibre from C.G-«C, 


The above four equations can be simplified by introducing 
non-dimensional parameters. The equations for allowable stress 
condition in non-dimensionalized parameters expressed as 
suggested by Khachaturian (2) a.rG 


n, 


e__ 

( 1 + 0 ) 






a (1+/!i) 


= St 1 <=tt 


m 
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^ = density of 

concrete 


h = depth of the beora 


L = cantilever 

span 

Steel 

prop erties : 


(i) 

Ad ” • 

cu 

(re infer ccncnt ratio) 

(ii) 

“ - 0 

h “ ^ 

(eccentricity factor) 

Section properties: 
h d 

(ill) — ^ ~ 

L 

(depth factor) 

(iv) 

(> 'h)® = ^ ... 

(efficiency factor) 

(v) 

(y-b/yt) = A ... 

(shape factor) 

(vi) 

(Mg^/LIg ) = R ... 

(moment ratio) 

(vii) 

a = {=ik T?/m ) . 

o 

,, (bending moment coefficient) 

2.2. 

Solutions of the Governing Equations: 


Kno\/n and unknown quantities of the above four 
equations 2,5 to 2.8 may be classified as 

°tt’ °ce’ ^te atleast assumed within the limit; 
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Rj a, n and £ (unkno\/n) 


Out of the eight unkxio ms, can he reasonably estimated and 
recomputed if necessary, V/ith this assumption there are seven 
unknowns an the four equations, o is dependent on R and section 
properties. Hence the unknowns are six in the four equations 
which means that at least tv/o of the non-dinensionalized para- 
meters have to be e 5 tinia.tcd to get a unique solution. Arbit- 
rary estimp,tc of any t\"o parameters is to be done on practiarl 
and economic considerations. 


(a) Depth factor (to = 



The expression 'oJ contains three known quantities 
(d , L) and unlaiown quantity (h). Depth of the beam in 
many cases is controlled by architectural, deflection and site 
conditions. Fox cantilever bridges, it can reasonably be 
assumed as to . The effect of depth of the beam on 
economy is illustrated (Chapter III), 


(b) Efficiency Ratio (^= r^/h^) : 

For a given depth the flexural efficiency of the 
section increases v/ith the increase in radius of gyration. 
Higher the value of ^ , higher is the efficiency of the 
section. A slender web increases the efficiency ratio. The 
effect and mode of selection of efficiency ratio for economy 
was discussed in (8) , 
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Cc) Shape i:actor (A= • 

For sywactric I sections (any symetric sections), 
the value of shape factor is unity. For heavy live loads 
and for long cantilever sp.ans, the bottom flange has to be 
heavier in which cose A should be chosen between 0,60 and 0.9, 
Even though the range of A is snail, the effect on the limi- 
ting equations is considerable, so it is desirable that this 
value IS not a.ssumed to start within the design. 

(d) Moment Ratio (R = = Mg+M^/Mg) 

It IS difficult to fix any limit to the range of the 
value of R, As the length of span increases the ratio R 
decreases. The velue of R varies from 6,0 (for short spans) 
to 0,5 (for long spans). It should not be assumed but should 
be solved from equations, 

(e) Reinforcement Ratio : (m = P^/A d^^) 

P^/a may be defined as average stress. The reinfroce- 
ment ratio is simply the ratio of average stress to the stre- 
ngth of concrete. For all practical purposes, it varies from 
0.15 to 0,40, The value of m should be computed from the 
governing equations for economical section, 

(f) Eccentricity Ratio : (6 = e/h) 

Eccentricity ratio is a measure of effective utiliza- 
tion of prestressing force. As the value of 6 increases, the 
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required prestrossing force decreases. 6 cen be taken as high, 
as possible but it has to be bounded by practical considera- 
tions such as cover, transfer condition etc. The limits of 
eccentricity ratio va.ry from 0,25 to 0,60, The extreme value 
of 6 is limited by cover distance. If d* is the raininun cover 
required then, 

F yt d- 1 a' , . 

^limit " h yt^'^yb ^ ^ ^ ^ 


Solution of the Equations: 

In many practical problems, values of and ^ may be 
assumed and then the four unknowns {-d, m, 6, and R) with the 
four equations are left which can be solved exactly for a 
given set of values of c's. The four equations (2,5 to 2,8) 
are rearranged belovv. 


Multiply Eq, 


(2,5) by and add to Eq,(2,7) 


A (l+R-r|) 
( ■!+ A ) 


= H Ht + °ce 


( 2 . 10 ) 


Multiply Eq. (2,6) by and add to Eq. (2.8) 

(1+R-i^) 

(1+o) ' 


( 2 , 11 ) 


Eq, (2,10) over Eq, (2,11) yields to 
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A 


~ ^ce 
'I °ct ^ 


Addition of Eq& . (2«10) and (2,11) yields 




or 


R = a ujP [_ ( 0^,3 + O 33 ) + n + o^.^) 


Dividing;' Eq, (2,5) "by A subtracting from Eq, 


^ °ot ■ “t-t 
“ = — 


Similarly from Eqs, (2»7) and (2,8) 
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-A<=te 


ce 


i]^ ( 1 +^ 

Substituting the value of <6 in Eq, (2.14) 


jjj _ fp't *^ce ~ °tt V^te 


v<=tt + °0t^ ^“te + 


Adding Eqs. (2,5) and (2,6) 
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fftr. 1 -, m r (<=-kt+Oot) 

- ot> -aswJ L Xc^i, O33 - 0^.^^ 033-! 


(2,12) 

(1-r^)...(2,13) 

( 2 . 6 ) 

(2.14) 

(2.15) 

(2.16) 

(2.17) 

J (2.18) 
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Eqs , (2.12) and (2,13) define the properties of section 
and Eqs , (2,16) and (2,17) define the prestressing steel and 
its location. The above equations are used to get an economic 
des ign, 

2,3 laniting Span: 

The limiting spans and the importance of the shape 
factor based on Indian Code of practice are discussed here 
for the cose of simply supported span (10) and the cantilever 
span. 

a. Simply Supported Spans: 

The four governing equations for maximum stresses at 
the extreme fibres of a simply supported beam at transfer and 
v/orking load conditions can be written in non-duaensionalised 
(11) parameters as 



(2.19) 

( 2 . 20 ) 




+ 


1+R 


c ' 

ce 


( 2 , 21 ) 




AS 


^ 1 J 


+ < c • 


( 2 . 22 ) 
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The solution of the Eqs. (2,19) to (2,22) for the 
equality sign gives 


A 


3jot^lfte 

^ ^tt ^ce 


(2,23) 


From Eqj[2«23), it nay be observed thot once the permissible 
stresses arc fixed, the shope of the section (y-j^/y^) is 
automatically fixed. If the maximijini permissible stresses as 
per code are fully satisfied, the cross sectional shape is 
fixed and consequently the Imits on the span. The Eqs, (2.19) 
and (2.20) fix the lo\ver bound for the spaiis while Eqs, (2,21) 
and (2,22) fix the upper bound. 

Using post tension, the maximum limit for concrete mix 
IS M 530 as per I. S. Code and the corresponding permissible 
stress coefficients are 


'tt 


ct 


c^^ = 0,019 (corresponds to 10 kg,/sq,cra, 
tension) 


-'I ! 


0.043 c' = 0.31 
ce 


Substitution of these coefficients in Eq, (2,23) gives, 


A = 1.15 

Permitting approximately 1,25 percent reinf orcernen-^ the non- 
diraensionalized factor is 


0.7 


n = 


<5 K 

s s 


A cr. 


cu 


A d 


cu 


0,7 X 15000 A 

535 = 0.25 
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r 

where 6 = ultimate tensile strength of high tensile 

steel (used as 15000 kg./sQ.-cn.) 


The efficiency ratio ^ for most I and box sections is in the 
range of 0.11 and 0,16 and the eccentricity is governed by the 
shape factor A, 


6 - — - 
t - h - 


y^-d' 


= jt/T “ ^ = Jtrf ■ 


So using, ^ = 0,14 

the Eqs , (2.19 to 2,22) respectively reduce to 

1 > 58.4 (h/L) a (2.24) 

L > 130.0 (h/L) a (2,25) 

^ ^ *^j) “ (2,26) 

I* < C^) « (2.27) 


For simply supported beaiiis, a = 8, let h/l = 1/12 and R = 0.5 
(for a limiting case of infinite self weight R= 0)^ Eqs , (2,24) 
to (2.27) reduce to 

L ^ 38,4 metres 
1 > 86,2 metres 

(2.28) 

L < 1 20,0 metres 
L < 160,0 metres 
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In the above calculations by changing' the value of 
steel ratio (m) to 0*15 and h/L = 1/15 and the values of 
other parameters being kept the same, the limits work out 
to be 

L _> 14*4 metres 
L ^ 77.2 metres 

I’he limits fixed above are not the absolute limits but appro- 
ximate limits based on naxinum permissible stresses for M 550 
concrete* It is possible to alter these limits by adopting 
some stresses that are permissible stresses. For example 
instead of permitting a tension stress of 10 kg./sq^cra* at 
transfer condition, a compressive stress 0.089 d' is permitted 

tw' Li 

Vv’hile keeping the remaining stresses to the maximum permissible, 

i.e. 


at = - =tc = 

”'00= 

The value of A , and 6 work out as 1,68 and 0.550 respectively, 
so using 0,14 and n = 0.25 (same as previous case) 


L > 161 (h/L) a 
L > 206 (h/L) a 



T <t ^§2. n 

^ ^ T+r “ 


( 2 . 29 ) 



For simply supported beaT' of h/l = 1/12 and R = 0,5 
the above limit -j v/orlc out to be 

L > 15 c metres 

(2.30) 

L < 143 metres 


SiTiilarly the lii.ito could be ’'’•aiicd by selecting, 
appropriatt; v/orking stresses, 

(b) Cantilever Spans: 

Using: the stress coefficients for M 530 (same as in 
the simply supported spans) 

= - 0.089 = 0.019 

°ct - 0-^5 c '3 = 0.31 

the shape factor and eccentricity ratio 6 for the canti- 
lever span are, (cnlculatcd from Eqs, (2,12) and (2,9)) 

A = 0.595 6 = 0.54 

Keeping ^ = 0.14) n = 0.25 

the Eqs, (2.5) to (2.8) respectively reduce to 


L > 167 (h/L) a 
1 > 208 (h/l) a 


(2.31) 
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Por cantilever spans h/L can be os higb as 1/10, 
making a = 4^,75 and let R = 0,^5, the limit is 

L < 106 metros (2,52) 

Hence maxinun limiting pier spacing in cantilevei construction, 
2 L = 212 metres (2.35) 

It v/ill be seen from the results the span limit is 
high for cantilever construction. Moreover, the depth of 
simply supported beam has to be 12 n (1/12) for a span of 
143 m and has to be uniform throughout the span, v'/hereas in 
cantilever construction of pier spacing of 212 n the depth 
IS onlylp»6n (21/20) at supports and can be reduced to 21/50 
at the free end of the span. The span Units are most sensi- 
tive to the permissible stress coefficients and the depth/ 
span ratio I’-alues. The span can also be extended by the increa^ 
in cube strength of concrete. 

The c^bo-^'C span limits are not absolute but relative. 

In long span bridges the limitation in depth/span ratio, mini- 
mum top flange thickness, top flange width in accordance with, 
the traffic width impose certain amount of restriction on 
the shape of the section. Hence it is not always possible to 
obtain a fully stressed design, as seen from Eqs, (2,12) and 
(2,13). The limits for the long spans could be adjusted, to 
some extent by the choice of the shape of the section while 
permitting stresses less than the maximum permissible stresses. 
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2.4 Stresses at Intermediate Sections*. 

In cantilever constructed bridge, each se^ 3 n.ent is pro- 
gressively prestressed gs the construction progi esses, Unlilce 
the simply supported bridge, the cantilever bridge has longi- 
tudinal variation in sectional area, height and prestressing 
steel. The proper combin^'tions of these variations should be 
chosen so ns to enable th-'t all the sections of each segnent 
'■■'Vj v^ithin the permissible stress and to effectively utilise thf 
concrete and steel. In vic\/ of theoe the follo''’ing sot of 
equations are derived* 

(a) Determination of n and G : 

Let the span of cantilever=-l (Fig. 2 , 4 ) v/ith numbe'n 
of segments = N_, The cable profile usually adopted is shown 
in Fig, 2 . 4 , 

Hence length of each segnent ; a = ^ (2.34) 

s 

The prestressing steel is made inclined to pass through ’n ' 
segments , 

From Fig. 2,4j b = n a (2.35) 

where b - length of 'n' segments 

Let Aq and are the cross sectional areas at free and 
support ends respectively. 

Oonsidering i segment starting from free end (Fig. 2,5)* 
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Leb th.fc: tot '■'.I horizontal ooi.iponent of 

= P 

prestretaBinj^ force at transfer ti 


area of cross scction 


A 


1 


the proscre&ain^- force introduced 
at that section 

the inclinjtion of the cable to hori- 
zontal o or respond : nj^' to 

distance of P^^ fron top fibre 

net eccentricity of total 'rest res cing 
force P^^ 

shape factor of the section - 

distance of bottom fron C.G-.C, 
= arat once of top'from C.G.C, 


't 1 


0 


1 


e 


1 


e 

1 



Representing d as any one of intermediate sections 
bet\/een 1st and scgrient and equating the total prestressing 
force (Pig. 2,5 and 2,6), neglecting the loss of prestress d.ue 
to friction at kinks, 

i-n i 

P- = S P. + Z Pj. cos 0 (2,36) 

3=1 ^ 

Substituting, P^^ = <5^^ 

A^ 6 

tD D 3 on 


(2.37) 
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and m. 


ti 

A, (f 

1 cu 


Eq. (2. 36) can be re\;ritten as, 


m. 


i-n 


m, k. 


2 JL^. 

3=1 k 


+ L 


j=i-n+1 


in A 

cos 0 

A^ J 


n. 


i-n j. 

2. n, _ + r cos 0^ 

3 =i-n +1 J 


where 


n 


ID 


m, A 


- 


^GU 


Taking moment of prostressing force about controidal 
gives , 




i-n 1 

S 7 . (y^ -d') + 2 P. cos 0 ^ 

3=1 3=i-n+1 ^ 


{yti - C'-'j - (i-j) 


where d' = cover of the i*ire&tre&siiig steel at top 
let = ®i/^i 

Eq. ( 2 . 42 ) can be non-dimensionaliaed as, 


i-n 


e, = 2 m 

D=1 




+ 2 m cos 0^ A 


•1 3 =i-n +1 ^ 


^ti "■ ®D - ^ ^ 




( 2 . 38 ) 

(2.39) 

Uf40) 

(2.41) 

axis 

(2.42) 

(2.43) 


(2.44) 
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0 -d' 

where tsn 0^ = — (2*45) 

(b) Deternin'^tion of a: 

In c-ntilcvci" bridfree the area of cross section is 
varying longitudinoily , The vnliic of self weight bending moment 
coefficient (a) at any section is dependent on the cross sec-* 
tional area variation. Two cases of cross sectional variation 
in longitudinal direction is considered, 

(i) area of cross section vsiying linearly 
(ii) area of cross section varying quadratically 

(i) Area of cross section varying linearly: 

Let qQ and q-j^ be the v/eight per meter run of the 
sections corresponding to Aq end cross sectional areas at 
free and support ends respectively. 

Considering i segment ax a distance x from the free 
end (Fig, 2,7) » let 

A^ = area of cross section 
M = bending nonenb due to self weight at 
1 ^^ segT'ient 

A^ = Aq + (A^“Aq) x/L (2,46) 

From Fig, 2,7j 

q = Q.Q + (<1 ^"'Q.q) "5 
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’.^here q ^ = > A 
Hence , 

X 

S-^ 0 t ' ' 

^gi 0 ” ^oHf/L) i U -y) dr 

V = io [r-li N % li'J 


N 0 n- dime n& 1 c ne 1 1 z 1 ng , 


lot 


14 A- X — A„ „ 

5 ° Cl - 1/5 (i) J 1 - 5 ^ (|) 


C/. 


‘Tf’ 


ei 


"^^0 r. "I rx:N 1 . ■'^n /Xs 

r- U - j J -T 


a at support = ■qB'^T 
(at x=l) ^ ^ 


where p = 


<2.4a> 


^2^9} 


(2.50) 

(2.51) 


(ii) Cross sectional area varying quadra,tically : 

th. 

Area oi cross section of i segment may he 
expressed as, 

2 

A^ = Aq + (Aj^ - Aq) (x/L) 


(2.52) 



34 


Eqs. (2.49) and (2,50) reduce to 


a, = 




( 2 . 53 ) 


^ at x= L = 


12 

5(r+~i 


(2.54) 


Recrrangerient of the above equations for an i 


th 


segnent are: 


i~n 1 

iii = 2 T + 2 ra j cos 0 

j=1 j=i-n+1 ^ ^ 






■) + 2 m cos 0 

h. j=i-n+1 ^ 


) 

[ 


J 

I 


^ti “ I ^ I 



(for linear 
variation) 


A 


1 



[ 1 - 1/3 <e) 3 




(for quadratic 
variation) 



( 2 . 55 ) 


( 2 , 56 ) 

( 2 . 57 ) 


( 2 . 58 ) 


The Eqs. (2,55) to (2,58) are used in the four 
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Eqs, (2.5) to (2.8) of pemissible stresses. The values forrf),^ 
^i’ suit'^biy found out and substituted in 

Eqs. (2.5) to (2.8). The Eqs, (2,5) to (2,8) ar^ to be modi- 
fied 'vhen 1 13 eqiicl to one, Eqs, (2,55) end (2,56) arc to 
be modified when i is less than n (i-n becomes negative) and 
1 IS greater than (n„ - n + 1 ) (near the supports cable is 
not nade inclined through n segiientr:!) . 

2,5 Ivlininum 'uVeipht Design: 

Minimuri \/eight gives ninimum self weight moment and 
consequently maximum value of moment ratio (R = • 

Observing Eq. 2.13, R is rnaximuia for maximum valuer. of 

(a) stress coefficients (b) p (c)c«) (d) a 
(a) Stress coefficients: 

For any given value of h, f , and n the exact solution 
of the four Eqs. (2,5) to (2,8) vath stress coefficients 
forces some rostraini: on the total solution. The value of 
which IS defined ^ depends upon the cross section 

finally selected. But based on permissible stresses i s 
given byj 

^ ^ ^ °ct + ^te 

^ ^tt + °Ge 

For full st'^ess design the value of A is given by, 
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, ^ °'ct ° 'te 

(2.59) 

^ °tt °'ce 

In case of long spans, the exact solution of the 
governing equations v/ith maximum allowable coefficients 
might give an eccentricity exceeding the maximum eccentricity 
possible for that prrticular depth of the beara. In such case, 
the solution becomes absolutely ideal, giving a minimum weight 
design but violating the basic need of accommodating the 
steel within the section. It is seen from Bq. 2.17, for o 
particular m value eccentricity can be decreased by adjustment 
of °ct’ andco Depth factor is fixed in long span 

bridges. Efficiency ratio should not be adjusted since its 
effect on cross sectional area is severe. The value of a is 
dependent on R. Reducing decreases the eccentricity. But 

it decreases the value of eccentricity limit as seen by 
Eq. (2,9). Only by reducing c^^, the eccentricity required 
decreases and eccentricity limit is increased. 

The shape factor (/^ ) may or may not be equal to the 
provided. On seeing Eq. (2,12) A can be decreased either 
reducing c^^ or If calculated shape factor (<a) is less 

than the shape factor (A) needed, they can be matched by 
reducing either or When the condition of providing 

st$el inside the section is satisfied, reduction of c^^ 
results in lowering the prestressing steel below the required 
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cover. The only alternative ic to odjust c 

t 

The study of the equation leads to the conclusions 

given helov; and this can also be confirmed from Table 2.1, 

Table 2,1 gives the values of A , ^iiniit’ calculated from 

Eqs. (2.12), (2.9) and (2,18) respectively. The values in 

these equations are a = 4.0, L = 80.0 metres , =: 0,82, 

(T = 530 kg,/cm^ , ^ = 2400 Icg./m^ and h = L/10. 

C\1 

(i) If ^ ^req 

Adduct (c^^ < 0^^) 

The rest c 's max, 

(ii) If A > A ' 

Adourt and 

Cose a, 

c . < c ' . 
ct ct 

The rest c 's max, - eccentricity required increases, 
Steel min. 

Case b. 

^te ^te 

The rest c *s max. -♦ eccentricity required decreases. 
Steel max, 

(lii) If A< 4 


The rest c's max. 



(ti) Section properties 5 Idealised sections 


I'lost shapes of sections in actual construction are 
of unsyramet rical I, T, and box sections. For long spans of 
cantilever bridges, beams have normally heavier bottom flang 
Present section discusses sectional properties of idea,lised 
sections for the sake of simplicity (11), 

Properties of cross section of an idealised unsym- 
metrical I-section or box section (Fig^ 2,8)| 

A = (b^ t^ t^ H- h^, b^) (2,60) 

= (b-t- h) [ 0^ + + (1 ^ - c-^) ] 

= (b^ h) (2.61) 

where 

c-j^ = ’*^b‘^^ 

( 2 . 62 ) 

^b = (b - ji) H- (h - 

2 
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„ /-I \ , „ /H _ „ ^ ^ 

*^•^(1’” 2 ' '^''®'b''*^'b ' ' '"2” " '“' ) “"5’ 


'b 


G^+C^ C^ + (1-G^-G^) C,,^ 


-J 


= Oy^ h 


(2.62) 


yt = >1 - yt 



c- + c 


Cv + (1 ” C+ - C-.) 


f 


'w 


Oyt ^ 


(2,65) 


y+ C 4 , 2 


= H (°t °b j + ^ir ' 


+ Gw ('*~Ct“Gv,)(' 




t“^b> 


. o A 

h ) ■*■ °f °b %“ 


g-k 27 


= Cj^ V . I , 


I 5 


(2,64) 


v/liere , 

c > c , G,rv, G^rH- '■'re non-dimensional coefficients os given 

ct 1 ju 

in the above expressions. 






^b 


(l-2“) + Gy (I-C^-Cij) ("— ■^ ) t Gjp 






(2.65) 




f = o^/( 


(2.66) 






Table 2.1; stress coEFriciia'iTs : 



°oT 

c 

ce 

^tt 

A 


£ 

req 

0.018 

0.420 

0.274 

0.018 

0.794 

0.507 

0,830 

0.018 

0.420 

0.274 

-0.021 

0.704 

0.537 

0.755 

0.018 

0.420 

0,274 

-0.041 

0.C55 

0.552 

0.719 

0.018 

0,420 

0.274 

-0.041 

0.C59 

0.552 

0.719 

0.018 

0,420 

0.274 

-0.041 

0.659 

0.552 

0.719 

0.018 

0.420 

0.264 

-0.041 

0.632 

0.563 

0.733 

0.018 

0.420 

0,254 

-0.041 

0, 604 

0.573 

0.749 

0.018 

0.420 

0.254 

-0.04 i 

0, 652 

0.563 

0.749 

0.018 

0.380 

0.254 

-0.041 

0.663 

0.551 

0.750 

0.018 

0.380 

0.254 

-0.041 

0. 663 

0.551 

0.750 

0.008 I 

0.380 

0.254 

-0.041 

0.685 

0.544 

0.740 

-0.0018 

0.380 

0.254 

-0.041 

0.707 

0.534 

0.729 

TABLE 2. 

2; SECTIONAL PROPERI'IES: 






% 


A 



0.50 

0.060 

0.04 

0.05 

1.291 

0.1518 


0.50 

0.080 

0.04 

0.05 

1 .251 

0.1413 


0.50 

0.100 

0,04 

0.05 

1.221 

0.1331 


0.50 

0.100 

0.04 

0.05 

1.221 

0.1331 


0, 60 

0. 100 

0.04 

0.05 

1.144 

0.1373 


0.70 

0.100 

0.04 

0,05 

1.076 

0.1406 


0,80 

0.100 

0.04 

0.05 

1.015 

0,1434 
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A simple illistrrtion of tli:- 'bebrviour of p is 
shown in Tohle 2.2 with ossumed values of c-j^, c^, and c,.,. 
The value of p should be incrensed to increase the value of 
R. It can he seen from xhe ta.blt, p is increased by 

(i) decreasing the v/eb rc tio = h^/b^) 

(ii) increasing the flange rotio (c^ = b^/h^) 

2,6, Design Procedure: 

A detailed computer program hgvs been developed 
based on the equations derived for minimum \/ei^it design of 
cantilever bridges of tv/o lane traffic width, A detailed flo\; 
diagram of the program is given in Appendix I, The following 
assumptions are made in the design problem, 

1 , Box section (Pigs, 2,9 and 2.10) is chosen on account of 
its hi^ torsional rigidity. 

In the case of Bassein Creek bridge this assumption 
was verified analytically (12) at mid span, by comparing the 
vertical displacement of the box which was subjected to 
eccentric live loads, with vertical deflection of the box 
due to longitudinal bonding. It was found that the vertical 
displacement of the web due to rotation of the box was less 
than 1 percent of the vertical deflection due to longitudinal 
bending. 
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b, Hinge is provided at the junction between the cantilevers, 

c, The effective prestressing ferce is times that of 
transfer, The value for assumed is 0.82^ 

d, The depth of beam et support is pier spaclng/20 (2L/20) 
and at the centre 2L/60, The cross section area at the canti- 
lever free end is c^'lculated on minimum requirements* It Is 
usual practice to provide 15 cm minimum thickness of top 
flange and thickness is increased in accordance v/fth the 
traffic v/idth. Minimum bottom thickness and the v;eb thickness 
normally adopted are given below. 


t^ s: b^/lOO.O + 0*15 (dimension in metres) 
- 0*15 

t^^^= 2.0 (0*10 + h^jAo.O) 

t^^2= 0,15 + b^/20.0 

t^ = maximum of t^^ and t^g* 


e , loadings : 

1 . live load : 

(1) IRC class AA loading or two lane class A loading v/hich- 
ever produces more severe condition is considered, 

(ii) Impact factor 0,08 is added to the loading, 

2 

(ill) live load on footpath (fig, 2,9) is ^00 kg,/m . 
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2. Dead Load; 

(i) V/oaring coat of 8 cm thick is adopted, 

(li) Weight of railing on each side is 100 kg, /m, run. 

(ill) V/eight of cantilever foot-path (Pig, 2,9) = 2 x 1000 kg/ 
m. run. 

Weight of ca,ntilever kerb (fig, 2,10) = 2 x 432 kg/m, 

run. The aDove loads act on the structure at working load 
condition. 

f. Permissible stress coefficients are according to 
IS-1 343-1 960. 

g. Excessive prestressing steel causes primary failure at 
ultimate due to crushing of concrete. Very low percentage 

of steel causes fracture of steel. Lower and upper limits of 
steel to cvoid these fpilures are calculated as given in 
IS~1343 clause 6, 8. 2. 2, The ultima,te moment capacity is 
calculated according to clause 6.8,3 of I,S, The ultimate 
moment capacity of the beam should not be less than the ultimate 
moment required. The ultimate moment required is calculated 
by assuming dea.d and live load factors 1.5 and 3.0 respectively, 



chapter III 


RISULTS 


Introductioni 

Tile effect of sever'^1 parameters on the weight of the 

cantilever bridge is studied from the results of the computer 

program^ The value of (Pg/P^) , c/ (ultimate tensile strength 

of prestressing steel) and the ratio of cover dist.ance to the 

centre of steel (d'/ii) used in the program are 0.82, 14-00 kg/ 

2 

cm and 0.06 respectively. Unless stated otherv/ise, a,ll the 
yesults given ■^re for o typical bridge section shown in 
Pig. 2,9 (7.5 in. traffic width with 1.8 m .vide footpath), 
h/L ratio at the support is equal to l/lO and the permissible 
stresses used are those of loads likely to increase of IS- 
1343? 1960. An optimizotion program v;ith the necessary con- 
straint.s v/ill give a minimum weight design. The main object 
of the present investigation is to help the designer to get 
an idea of the design efficiency based on various parameters. 
The selection of various parameters based on practical limita- 
tions plays an important part. Therefore, if a designer has 
an idea of the effect of various parameters not merely of 
qualitative nature but also of quantitative nature, then the 
number of trials to get an economical design v;ill be the least. 



46 


3.2. Variation of Area of Cross Section at Support 
V/ith Respect to Span: 

In cantilever bridges, the bending moment curve due 
to self weight is of third or fourth degree, To stert with, 
the r?.rea of cross section at the free end is assumed based on 
practical limits. The section at the support is the most on- 
tic^’l one and is designed on the basis of the computer program 
outlined in Chapter II. After the sections at support and the 
free end are fixed, a suitable profile for the depth of the 
beam, area of prestressing steel and eccentricity ere chosen 
so that all the sections ore within the safety limit. 

Fags, 3.1 and 5.2 indicate the behaviour of the area 
of cross section at support due to increase an spsn, Two 
cases of variation of the areas of cross section along the 
span arc considered, 

(i) linear variation oi ares of cross section 

(ii) quadratic va.riation of area of cross section 

The area tends to increase exponentially for long limiting 
span. The rate increases with the decrease in strength of 
concrete and when the variation of area of cross section is 
assumed to be linear. For example, for a span of 80 m using 
M 530 mix, the increase in area of cross section is about 
8 percent in a linear va,riation of self weight as compared 
to the increase of 11.5 percent for 100 m span. When the 
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2 

concrete strength \z decreased to 4S0 kg/ cm , the percentage 

increases are 12 and 18,5 respectively, Pig, 3.1 corresponds 

to the design for thr loads dikely to increase ^nd Pig, 3,2 

corresponds to the design for the loads not likely to increase. 

The effect of change in the value of c ' ^ on the area of cross 

ce 

section IS apparent. 

Pigs. 3*3 '^nd 3%4 are drar'n similar to Pigs. 3*2 and 
3.1 respectively for the bridge section shown in Pig. 2,10. 

The limiting spans, shown by Pigs, 3.2 and 3.3 are comparable 
to the ane.lytio^l results derived in Chapter II, 

3.3. Effect of the Area at the Pree End.: 

The selection of the area at the free end has a 
significant effect on the area of cross section st the support 
v/hen the area of cross section is varying either linea.rly or 
quadratically from tho free end to the support (Pig,3.5). This 
affects the value of the bending moment coefficient (oc)» hence 
the area of cross section at the support. The percentage 
increase in the area of cross section at the support is less 
a.s compared to that at free end. 

The section at bhe free end is designed suboect to 
practical limitations. The deck slab is designed to the 
transverse bending moment. The bottom flange^ web, and the 
height of the section are selected based on practical 
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GOiisiderst ions , Tlie overoll section is checlced for the pre- 
streseing force at the end section, 

3*4. Effect of Strength of Concrete: 

Variation in the area of cross section v/ith strength 
of concrete is shoivn in Eig, 3«6. As the vstrength of concrete 
increases , the area of cross section decreases, This strai^t 
forv/ard conclusion could be made even without the graphs. 

The graphs not only illustrate: the qualitative nature, but 
also the quantitative values which are helpful in selecting 
the concrete strength. It is desirable to use a high stren- 
gth concrete. However, the cost of the high strength concrete 
is more, and hence a proper selection of strength of the 
concrete is to be made such that xhc cost of the structure 
is minimi.mi. Other limitations in selecting a high strength 
concrete are the u'crkability, avnlnbility of proper equipment 
and skilled m-^npower for good and uniform compaction, Por an 
economic design, the longer the span the hi^er should be 
the strength of the concrete, 

3,5. Effect of Depth of Beam at the Support: 

Eig. 3.7 indicates the effect of depth on the area 
of cross section for a given cube strength. As the depth 
increases (from L/11 to L/9), the area of cross section 
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decreases. The decreose in the 'rea of cross section with 
increase in depth is faster as compared to the increase in 
concrete strength. The increase m the area of cross section 
with decrease in height is, more pronounced in the case of 
linear variation of area of cross section than that of quadra- 
tic. The effect of depth varying from L/9 to l/ll on area of 
cross section is more in the ca.se of long span bridges . The 
increase in the area is about 22 percent for a span of 80 m, 
whereas it is only 9 percent in the case of 40 ra span when the 
depth is decreased from L/9 to L/11* 

It IS desira.hle to provide a higher depth but again 
the depth is subjected to architectural o,nd practical limi- 
tations. In the cose of long spans, the exacb solution of the 
governing equations (Eqs. 2*5 to 2,8) v/ith full stress 
condition gives an eccentricity exceeding the maximum ecce- 
ntricity feasible if .spsn to depth ratio is adopted as "lO, 
However, the eccentricity as calculated by the governing 
equations is adjustable bj'- lowering the permissible tensile 
stress at transfer (c.j..{-). 

3,6, Effect of Efficiency Ratio (P); 

Eig. 3, 8(a) illustrates the effect of flange ratio 
(c^ ” ^b'^^t^ cross sectional ares. The decrease in 

the flange ratio reduces the efficiency ratio and in turn the 
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cross sectional area is incru-'sed (Fig. 3 . 8 ( 13 )). 

A procedure was suggested (8) for the minimum weight 
design of simply supported btrflns jith the assumption of 
maximum efficiency laxio. In that procedure the value of the 
shape factor and area of cross eviction \/erir obtained. The co- 
efficients of the section and "were chosen for 

thet value of shape f'^ctor end efficiency ratio. But effici- 
ency ratio cannot be assumed in tlie lase of bridges with box 
section because of the constraints imposed on the top flange 
thickness, governing for the transverse bending moment and 
other practical limits. To make the bending moment minimum, the 
webs should be at 0,207 b^ from the ends. Even though a. 
starting value of efficiency ratio is taken, it is successively 
corrected to suit the other constraints. 

It IS desirable to select a maximum efficiency ratio. 
Efficiency ratio cpn be increased by choosing larger symmetric 
flange areas and a slender web. As the span increases, the 
bottom flange becomes heavier at the support and the efficiency 
ratio is decreased. It appears to be reasonable to have the 
value of efficiency r-atio in the range of 0.135 to 0,14-5 for 
spans from 100 m to 70 m, 

3,7, Beha- lour of Self eight Bending Moment 

2 

Coefficient (a = A L )i 

The variation of area of cross section along the span 
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fixes the value of the self v/eifht bending moment. For 
example, the va.lues of o 's of a siraply supported beam and a 
cantilever of unifoi i section are 8 and 2 respectively , It is 
seen from Ec^, 2,13 thot the self wei^t bending moment is mim- 
mum for the maximum value of a. The value of a can be increased 
by assuming a suitable varietion of area of cross section 
along the longitudinal eccis. Fig. 3,9 gives the values of a 
for different strexigths of concrete and for the cases of 
variation of area of cross section os linear and quadratic. 
Once the urea at the free end is fixed the value of a decreases 
with bhe increase in cube strength. 

The value of a is dependent on the moment ratio 
(R = M /M ) , The values of o are calculated from Eqsi 2,57 

cl ^ 

and 2.58 for linear and quadratic variations of the self 
weight respectively. The calculated value of a should agree 
with the starting value oi o using which the moment ratio (R) 

IS calculeted. If there is difference between the starting 
and the calculated values of ct, then the starting value is 
successively corrected till the difference between the two is 
Vi/ithin the permissible range. 

Reasonable v-lues of a, approximated from Fig. 3. 9 
can bo given in te2njis of span as following: 

(i) for area of cross section varying linearly 
(upto 80 m) , ffi = 2,940 + 0,025 (l — 40) 
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(ii) for area of cross section varying quadratically 
(upto 100 m), a - 3.125 + 0.029 (I - 40) 

3.8, Behaviour of Shape Factor (A=: y-j^/y^)} 

The variation of shape factor v/ith respect to span 
and for two different strengths of concrete is illustrated 
in Fig. 3.10, As the span increases the bottom flange becomes 
much heavier. This causes the centroidal axis to shift down 
and hence the value of shape factor decreases. The shape of 
the section fixes the working-stresses. It is important to 
choose a proper shape factor. The value of is between 1,15 
and 0,65 for spans from 40 m to 100 m with a concrete strength 
of 530 kg. /cm , The values decrease further v;ith decrease in 
concrete strength, 

I,L + 

3.9. Moment Ratio (R = • — ^ )* 

g 

The self weight bending moment is not known to the 
designer to start with. Moment ratio is calculated from the 
solutions of the governing equations. The area of cross section 
at support is calculated from the value of R and a , An illus- 
trative behaviour of the moment ratio is given in Fig, 3.11* 
v/ith increase in span. The value of moment ratio increases 
from 0,45 to 0.80 as the span decreases from 100 to 40 m. 

When the self wei^t variation is linear the moment ratio 
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deGreases further heca-use of the decrease in the value of o, 

3.10. Influence of Stress Coefficients on 
lilinimur/i Weight Design; 

Pigs. 3.12 to 3.15 illustrate the effect of the vjorking 
stresses on the arcs of cross section and the prestressing 
force. Fully stressed design is not feasible in long span 
bridges. The shape factor decreases as the span increases 
(Pig, 3.10) and this shifts the centroidal axis towards the 
bottom flange. The centroidal axis near the bottom flange redu- 
ces the difference of actual feasj,ble stresses at bottom fibre 

(c - c. , ), But it increases the difference of actual feasible 
ce tt 

stresses at top fibre 

A typical behaviour of wirh span is 

illustrated in Fig. 3.12. In minimum v/eight design, c^^ is 
kept equal to the maximum peimi&sible value, The value of 
is adjusted to accommodate the steel v;ithin the section. The 
effects of other t\'o coefficients and c-j-g are investigated, 
The typical effects of - c^^) on the area of cross section 

and the steel ratio (m = P^/A cT^^) (or the steel percentage) 
required at support are illustrated in Figs, 5.12, 3.13 and 
3.14. 

When the A calcula.ted by the working stress coeffi- 
cjcnts IS less than the A obtained from the value of R, either 



63 


one of the coefficients (c^^ and c^g) or combination of the 
these two has to be reduced. Accordingly for every span, 
there is a range of the difference of the values c^^ and c^g. 
The minimum value of can be achieved by adjusting 

c^g only and keeping c^^ equa] to The maximum value can 

be obtained by adjusting and keeping c^_ equal to C-|!g» 5Cb.e 
intermediate values are given by the simultaneous reduction of 
both the coefficients. 

A minimum weight solution is arrived at where the value 
of (Cg^ - c^g) IS maximum. The decrease in the area of cross 
section IS achieved at the cost of increase in the percentage 
of steel. The quantity of steel can be obtained from the 
Eig, 3.15. In Eig, 3.13, lines A^ , A2 A2J A^ and A^ 
indicate a decease in the areas of cross section when the value 
of (Cg^ - c^g) increase, for a span of 40 m, 70 m, 80 m, and 
90 m respectively, The corresponding steel percentages or eijefc! 
ratio required are represented by lines , m2 m2, m^ and 

“4. 

The IS-I343 Code specifies an upper limit for the 
amount of steel to be provided, The upper limits of steel are 
calculated for the computed sections and are shown by points 
a, b, c and d in Pig. 3.13. The points a, b, c, and d lie 
approximately in the strai^t line 1^ 1^ • The lines dropped 
from a, b, c, and d cut the curves , Ag Ag, A^ A^ and 

A^ A^ at ay b^, c^, and respectively. The portions of the 
curves A^ , Ag Ag, and above the curve Ig Ig 
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obtained by joining, a-jj b^ , and d^ , gives the acceptable 
values of the arcs of cross section. Though a range of areas 
of cross section of design for every span is achieved, the 
lov/6st of thu range cannot bo dopted because of the constraint 
imposed on the amount of sxeel. 

Pig. 5rl4 is similar to Pig, 3.13 except that cube 
2 

strength is 530 kg/cm ard curves and for 100 m 

span are included. Pigs, 3. 13 and 3.14 give the amount of pre- 
stressing steel in terms of the steel ratio and the percenta-ge 
of steel. It appears to be reasona,ble to have the value of 
steel ratio as 0,22 to 0,27 (or percentage of steel from 1,00 
to 1 .30) for spans from 60 to 100 m, 

5.11. Design of Intermediate Sections: 

After the sections at the support and free end are 
designed, the areas of cross section of the intermediate 
sections at the joints of the segments are calculated from the 
assumed variation of self wei^t. Suitable variations in 
sectional properties and the anchorage steel along the span are 
determined such that the stresses at these sections are within 
the permissible limits, ^ set of satisfactory variations is 
arrived at after a number of trials, The set of variations 
in sectional properties is found to ensure the working stresses 
below the permissible stresses. These values are modified in 
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the piT^gram xt nece&sary. In these trials, Eqs, 2.55 to 2.58 
are used in the Eqs. 2,5 to 2.8 of pexrnissihle stresses, 

a* Ihe variation In depth of the section v/as assumed 

quadratic. This could not satisfy the stress constraints. 

Linear variation of the depth v/as found satisfactory. Hence it 
IS suggested that the depth of tho section he varied linearly 
from L/30 at some distance (d*) from free end to L/10 at the 
support, The depth of the section for a distance d'*^ from the 
free end is constant at L/30, in order to ensi/re that the lower 
flange thickness is atleast equal to the minimum required, d* 
is found by trial. 

h. A higher degree variation in the steel ratio yields a 

lesser length of prostressing steel. The variation in the 
stool ratio was first assumed cubic, but the resulting stresses 
were beyond permissible limits. The quadratic variation was 
found satisfactory. Ib is suggested that a value of 0^16 be 
adopted at the free end for the steel ratio (m^^) and it be 
increesed quadratically to the computed value at the support. 
Normally, tho stfel ratio required at the support is hetween 
0,20 to 0.27. 

c. The net eccentricity (e^^) of the total prestressing 

force at any section should increase with the distance 

of the section from the free end. The distance of centroid of 
the anchorage steel from the top fibre at any section is 
varied linearly from 0.55 times the depth at the free end to 
0,30 times the depth at the section previous to the support. 
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Or all tlic 'strcRsc': , th‘- coinprooGivc eatress aij v/orkir>'^ 

i 

ler’c' prodonin tes ax the r otjonc. neax" uhc silpporti One 

of "bhe mcanrj to overcome this xc to shiit do/ 7 i) the neutnal ajcis, 
IPhxcj Jj& achieved b5'- incrccsin^ the bottom flenge thickness 
and decre'^ainp the bop fl' ngo thicknose co that the cross 
sectional '■ror. is coj-ipfccnt j It i& therefore jufiy^^sted th-^t 
the top flange thickncs' be varied in the third degree from tiii. 
free <nd. 

5 ♦ 1 2 . Design Dx-jxpl c : 

Jin illuetr tive example of ' cnntilfvcr of span 90 A' i' 
is presented b^sed on the progr'^m ou^^lined in Chapter II, 

1 , G-ivon; 

'I’hc ch pc of the crofs section chosen for the Jccifn 
IB given in Dig. 2,105 ’'it'i ^ ro ’d ./idth of 7,5 m and fooc— 
path of 1^8 m on ciah_'x side of the section^ 

span = 90 rn 

2 

cube strength of the = 550.0 icg./cni^ 

concrete 

ultimatF ipnFjile stri-n- 

2 

g-th OT pres'vrcssing steel = 14000,0 kg/ cm 


Loads \ 


The live end suptiunpos^d loads considered for the 
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cxrjnple nru explained in Sec. 2.6, 
b. Assumptions: 

The sruA of cross section is r-ssuiaed to vary quadr - 
tically olonp the span. The depth of the benja s.t fr^-e end is 
chosen ss L/30 so os bo meet the prscticsl xestr'ints of the 
flsnge thickness etc, (Sec, 2,6), The dopth of hcarn ?t supporx 
is Selected os 9,0 m (= L/10). The spumed value of i| is 0,82, 
The centroid of prerjtrcssing steel is assumed to he '^b 0,06 h 
( 5^1 era.) from the top. 


c. Design of the cross see cion t support: 

(i) Ji-rei of crosr sccbion nb free end: 

Area of cross secbion at fre^ ^nd is c'^lcula.terl on 
the 'S sumption given in Sec. 2,6,e. 


tliic'cnos.. t bottom (.issumed) 
thiclQie&& -b cop 


thiclneca of ’"cb 


depth oj bhc bcora 1/30 
ore.’, of crocs oeetion at 


= 0.1 6 ni 

= b(./l00 + 0.15 
(metres) 

= 0,249 m 
= 2 (0.10 + depth 

at support/40. 0) 
= 0.65 m 
= 3.0 m 

= 5.101 


free end 
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(ii) Galculrtion of bending momentf? due to live and 
dead loadoj 

The bending momcntB vie computed using n. aubroutine 
in the computer progrt’Jn, 

n 

bending moment due to superimpoeed D,L b 1,758 x 10 'cg,r.i 

7 

bcndinp, moment duo to L,! on footpath & 0,258 x 10 kg.m 
bt-iidinp moment duo to L,1 on bridge & 1 ,357 x lO'kg.m 

(Msx:*cluf- to olasG A) 

moraeht due to oxternaL loads (M ) « 3t373 X 

(fii) Calcul'‘tion of the moment rctio (R) i 

The compressive, stress ^'t working lo^d is kept to 
the maximum permissible i,e, e ;= o’ ^ 0 * 28 , The other thre-o 

C U V G 

coeffioierts ^ro ed;Juoted go as to sntisfy the nfrceasory 
cons tra.ints, 

(a) to nccoi'iraodatc the steel within the seotion 

(b) top ilange thicknesri should not be less thnn 

minimum thiclcneos ret/. aired , 

Thci calculations for the v'^luc of H ere carried out till the 
differonoos between 

(a) Qt Iculated and assumed v'J-ue of a 

(b) A calculated by the stress egeff iciefjts and 4 Of 
the seotlon 

(c) the actual value of p and the value of p of the section 
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arc vothin 5 2:)crcGni; of Ihr- valueo. 

The f in l 1 vluco oht j ned from t _ computer program ore: 

& = 0.6511 P = ''*.142 

a = ^!.612 m = 0 . 2^46 


Pv = 

0,.^086 


The corresponding ■''^tr' ss 

coef ficienls r 

r«, 

“tt = - 

'Cl-p.) c^^ = 

0,4056 

‘^to “ --C'''j787 

,cor.]p.) = 

c' - - =0.280 

CG 

bending oiomcnt due to sell V'.ight 

Li 

= ijy 



= 6,91 X lo"^ kg.n 

area of cross section c b 

support 

= H /a ^ 

Fi 


= 15.92 

tob 1 prefttrcssing force = m A cT^ 

= 20090 tonnes 


(iv) Check fo3" ultip be jO-id: 

The uppn- lull i . :lic v-luo of steel 
ratio of xLe crlcol'-ccd :ccL,ion = C.2765 
as given by IS 15 5-- ) S 60 

steel r-^tio piovicled = 0.2^! 48 

®l31Illt 

Taking the live raid dead load f ctors (IS 1543~1960) ee 


5.0 
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and 1.5 respectively, 

7 

the ultiraat'' bendi.!'^ .joncnt rc<'iuircd = 1 7. 997x10 leg ,ni 
ultipr' to rjoipcnt c 'pacity ox Lne 

section = c2.905x1o'^kp ,m 

of lieriji > 11^ recalled 

The design of the ccctioi' at support confirrac to the code 
limit a Lions. 

c. Design of the int ermtdi^^tc scciions: 

The longitudinal vnricxion in section end steel rotios 
ore found out on the h-'sis of oontc-nts of Sec. 3. 10 so os to 
ensure the v/orlcing stresses of oil the sections within the 
pf. rmissihle limits. The sectional details, prestressing force 
<.md sloel area are given in Pig. 3.16 and Table 3.1. 

The tot. 1 volume of concrete (excluding for footpath) 

3 

in the above example is equal to 783.9 tn . The volume of 
concrete ni eded \ath uhe seme concrete strength ana steel 
ratio is 1078.4 m \'hen the cross sf ction assumed to vary 
linearly. 



1 

1 

1 

I 


Lr^ 

O 

'd- 

MO 

O 

O 

J 

O 

-d- 

tA 

o 

cn 


i 

* 

k 

i 

( 

i 


% 

jO 

OJ 

rA 

lA 

CO 

''0 

O 


O 


o 

VD 

-d" 

\ 

j 


C ! 

CJ 

O 

T— 

O 

o 

■T” 

X” 

lA 

•n' 

VD 

[>* 

cn 


1 



1) 

X“ 

[A 

tA 

CA 

lA 

[A 

CA 

lA 

tA 

lA 

IA 



H 

■ 

• 

« 

» 

• 

« 

• 

4 

• 

•- 

« 

ft 

• 

i 

o \ 


O 

o 

o 

O 

O 

r- 

c 

o 

O 


o 

o 

o 


! 


I 













; 

o i 

j 


o 

CvJ 

o- 

vO 

' J 

'T.- 

iA 

VD 

CvJ 

CM 

LTV 

CM 

CM 


II 1 

• 

o 

O 

o 

■' — 

AJ 

~ 


UJ 

T' 


r*- 

x— 

L^'^ 

\ 

^ o 



m:> 

MO 

MO 

MO 

M. 


t- 



"0 

CO 

J 

p 1 




T— 




T— 




X— 

X“ 

X— 


< 1 

IS 

• 

o 

« 

o 

• 

o 

• 

• 

o 

« 

o 

• 

o 

• 

O 

4 

O 

% 

O 

• 

o 

4 

o 

» 

o 

1 

1 

H 

1 P • 














f 

i 

1 

jj 0 r-M a a^ 

o 

O' 

J 

1 ^ 

VO 

VD 

LA 


^A 

o 

CO 

LA 


L 

O j 

iQ o O 

U \ 


-t 

LT. 

VD 

[> 

J 

cn 

O 


<r- 

CM 

tA 

ft 


H irl 'H M O ja 

t 

« 

« 

9 

• 

• 

4 

t 

• 

« 

• 

ft 

L 

r- 

ir\ \ 

• 

n ij o f-i 


T“ 

T— 


■r- 

X— 


X— 

CM 

CM 

CM 

AJ 

CM 

\ 

1 

/ N 


CM 

lA 

X“ 

o 

CM 

VO 

CM 



LM 

H- 

o 

i 

L 

o 

w » 

• 

m 

• 

4 

« 

9 

4 

• 

• 

« 

« 

ft 

• 


11 

H CO 

CsJ 

L\J 

MD 

— 

CA 

c- 


o 

LA 

LA 

CO 

lA- 

CO 

1 

P O 

LA 

C J 

MJ 

V 

UA 

o 

LA 

X— 

VD 

CM 

CO 

LA 

CM 


p 

Pw H 

fA 





CM 

CM 

CA 

lA 


■d“ 

LA 

VD 

1 


^ 

'=:h 













i 


CO 














] 

" 

» a . 


to 

tA 

CO 

CM 


CO 

LA 


00 

CM 

X“ 

CO 

i 

H O nd tj 


CM 

CO 

i-A 

CM 

X— 

CM 

VO 

^A 

lA 

CO 

tr^ 

o 

r 


rij 0 0*^ 

• 

fr 

• 

• 

V 

9 

« 

« 

♦ 

« 

• 

ft 

ft 

i 


0 0 +a O H 


CM 

M5 

CO 

VO 

X-'* 

VO 

T- 

O 

(A 

cn 

VD 


1 

• 

1 H«h+ 5 fi ?! m I 

1 -d- 




X— 

CM 

CM 

tA 

KA 



Lr\ 

VO 


fO 

1 -Tj O W H *tJ H , 

1 "O' 













1 

1 

• I 

05 ! 

1 i 

L ! 

1 

1 X** 

o 

CM 


I>- 

\*- 

VO 

CM 

cn 

in' 

VO 

LA 

VD 


H 

1 ^ j 

1 ^ 

CM 

00 

CO 

CM 

X' 

^A 

o 

o 

LA 

'M' 

tA“ 


( 

r*^! 1 


[ 'T' 



CM 

•5rJ- 

VD 

CO 

X— 



T' 

LA 

O 

1 

; a ko 1 

1 1 


4 

• 

4 

• 

4 

• 

» 

• 

4 

4 

4 

4 

1 

r-H 

1 Lf\ 

IT, 

LA 

LA 

UA 

lA 

LA 

VD 

VD 

VO 

c- 

tn- 

CO 

1 

o 

k i 

1 













1 

1 

a 


i ^ 


MD 

o 

CM 

T- 

CO 

lA 

VO 

E-- 

LA 

O 

tA 

1 

! 

i 


\0 

to 

VD 

LA 

LA 

LA 

D“ 

CA 

CM 

VD 

X-^ 

VD 

j 

i 

H 

H * 1 

1 



•r- 


X— 

X“ 

X— 

X** 

CM 

CM 

rA 

LA 

i 

f 

-r 

H 

rq 

i rO a Ln - 

; ^ •k-^ I 

« 

1 

1 o 
\ 

% 

o 

• 

O 

4 

o 

• 

O 

« 

O 

4 

o 

• 

o 

• 

O 

• 

O 

4 

o 

ft 

O 

4 

o 

i 

i 

1 

\ ! 

1 i 

t Q 

CO 

CO 

<T) 

CA 

CTi 

CA 

CA 

CA 

CA 

o 

o 

T- 


i-q 

1 * 

j 1 

1 'i~ 



■=d~ 


-M 


M 


A 

LTV 

LA 

UA 


:j 


[ CM 

CM 

CM 

cM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 


h- 

i P^^ ; 

J ■ 

• 

t 

• 

• 

9 

• 

• 

• 

« 

ft 

4 

ft 


b 

! ^ 

o 

o 

O 

o 

a 

O 

o 

o 

O 

o 

o 

O 


M 

CH 

o 

1 ^ 




LA 

V- 

o 

lA 

CO 


o 

VD 

X- 

A- 






CO 

C-- 

LA 

-d- 

CM 

X“ 

o 

CO 

tn- 

LA 


\A 

ph a . ! 

o 

o 

o 

CM 

LA 

CO 

X— 


(A- 

o 

CM 

LA 

CO 


CO 

i 3 ' 


« 

lA 

« 

c ^ 

M 

^^^ 

4 

^A 

• 

tA 

4 

4 

t 

^- 

4 

lA 

• 

LA 

• 

LA 

4 

LA 


• « 

1 1 

1 

s 

tA 

VD 

CA 

CM 

LA 

uO 




O 

•C-J- 


1 

4 

j i 

i 

T- 

CvJ 

lA 

LA 

VD 

c- 

CA 

o 


IA 


un 

t 

IS~\ 

1 ^ ^ 

1 a 

0^ 

CO 

A- 

VD 

UA 

p 


tA 


r- 


cn 

1 

1 M a CNJ ! 


» 

t 

• 

« 

• 

• 

■ 

t 

• 

■ 

* 

4 

1 


J ^ o 

! ^ 

lA 

[O 

x— 

LA 

0^ 

rA 

l>* 


A 

C \ 

tA 

VD 

i 


J 

-f- 


■r" 

M 

CM 

rA 

lA 

A 





\ \ ^ 

1 













j 


C J ♦ • 











* 

4 


E-. 

[ <7 O -H ^ . 

1 x— 

M 

lA 


Lf , 

VO 

A' 

CO 

0^ 

O 

X*- 

CM 

rA 

» 

COP ^ i 

i 









x— 

x^ 

-r'» 

X“ 




t M 


i j 

CO 

r— 


VD 

VO 

o 

-- 

c^ 

L^^ 

LA 


1 


CO 

a^ 



OJ 

(A 

IP- 

A 

MJ 

tA 

IP- 

1 

9 


CM 

~y 



o 

T— 



CM 

CM 

{ 

’ -r- 

—C 


-t 



UA 

CiA 

LT. 

LA 

LA 

Lfx 



• 

• 

ft 

ft 

ft 

ft 

ft 

ft 

« 

ft 

ft 

f 

1 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

i 

c 

i 

OO 

ta 



VD 

c 

O) 

3 

CM 

IP- 


1 

1 

cr\ 


cn 


VD 

CO 

GA 

' J 



CO 

1 

1 • 

CO 


(j\ 

CA 

(A 

CA 

CTi 

O 

A] 


kA 


1 o 

T — 

s— 

Y“ 


T— 



CM 

CJ 

a 

CM 

f 


• 

* 

ft 

ft 

ft 

ft 

4 

ft 

ft 

ft 

ft 


« 

I 

o 

O 

o 

o 

o 

o 

o 

3 

3 

G 

O 

! 



ta 

(X) 

CM 

VD 

o 

^A 

LA 

L'- 

Ds 


I 

1 • 

fa 


v:i- 

LA 

LA 

VO 

VD 

VO 

3 

VD 



; cpi 

• 

• 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

1 

[ 

i 

i 

CO 

C\J 

lM 

LM 

CM 

CM 

CM 


) 

J 



.■ 



T- 

rA 

-f 

VD 

Y— 

fA 


Y“ 


/ 

1 

I 00 

IS\ 

CO 

00 

LA 

CM 

tA 

CO 


T-! 

o- 


i 

i 

o 

CO 


T— 

O 

I> 

K^ 

P- 

o 

1- 

1 


\ 


tr- 

o 


CO 

VO 

lO 

■ ^1 ' 

t A 

o 



1 









f'M 



i 

i 

CT> 

fO 


<0 

CO 

VO 

CM 

LA 

cj-^ 



i 

i * 

CTN 

t-i- 

V£) 

lA 

O) 

IP- 

LA 

(A 

CO 

CA 


i 

1 

i 

k 

f' 

• 

o 

t 

CA 

ft 

CM 

ft 

ft 

CA 

ft 

LA 

ft 

O 

ft 

-- j- 

V| 

ft 

rA 

o 

t 

/ 

p- 

CO 

uD 

M- 

CO 

CO 

CO 

Lf> 

lA 



> 

1 








Y— 

OJ 

fA 



1 

\ 












( 

1 

1 

1 

IP- 

Ch 

ia 

C' 

CM 

CO 

LA 

hA 

Y— 

CM 


i 

• 

La 

O 

O 

CA 

’t — 

CM 

CO 

CO 

CM 

O 

CM 

f 

u:) 

la 

V“ 

IT' 

rA 

o 

IP* 


CM 

Y'' 

O 

CA 

\ 


• 

• 

ft 

• 

ft 

ft 

ft 

* 

ft 

« 

ft 

i 

, 

, 00 

cr\ 

CTv 

o 

T— 

Y- 

CM 

lA 

'M- 


LA 

1 

t 




T— 


Y-* 

■V 

*r- 



T— 


i i 

1 

ta 

o 

ca 

LA 


VD 

VD 

Y" 

CM 

CA 

V- 


1 • 1 

, CM 

0^ 

LO 


^A 

CM 

CM 

tA 

'M- 

LA 

rj 


1 ir\ , 

; 


ir\ 

VO 

IP- 

00 

(A 

O 

Y-** 

CM 

tA 


V 

h i 

« 

• 

ft 

ft 

ft 

* 

ft 

ft 

ft 

ft 

• 


! , 

o 

CO 

o 

o 

o 

o 

O 

v- 

Y— 

Y— 

Y— 

< 

T 

i ) 

, CM 

fa 

LA 

IP' 

o 


CO 



CA 

o 

i 

i 

• i 

i Lf\ 

m 

lA 

LA 

VO 

VD 

VD 

tP- 

<o 

lO 

1 

1 

CvJ 

CM 

CM 

CM 

CM 


CM 

CM 

CM 

CM 

CA 

t 


• 

• 

ft 

ft 

• 

ft 

ft 

ft 

ft 

ft 

V 

4 

1 1 

» < 

i o 

o 

O 

o 

O 

o 

O 

O 

O 

o 

O 

k 

! ! 

1 

1 

CO 







CM 




1 ♦ j 

1 

(M 

X— 

o 

00 

IP* 

'D> 

M- 

YT^ 

o 

i 

i tA 

1 



o 

CM 

LA 

CD 

'T- 


t- 

\ 

\ 1 

1 ■ 

• 

ft 

ft 

ft 

ft 

• 

• 

ft 

ft 

ft 

i 

1 

! 

r 


CO 

t- 

CP- 

C- 

IP- 

00 

CO 

CO 

CA 

i 

t 

1 

1 cn 

ta 

CO 

(J\ 

CM 


CD 

r** 


c-- 

O 

1 

\ ' 

^ KO 

CO 

cn 

o 

CM 

K\ 


VD 

IP- 

LU 

1 

i • 1 

i CO 

c- 

VO 

VD 

lA 


lA 

CM 


o 

o 

! 

t 1 

J • 

t 

ft 

t 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

£ 

1 

o 


CO 

CM 

‘0 

O 

' r 

CO 

CVi 

VD 

o 

( 

[ 1 

; 


IT 

VD 

o 

£P- 


<p- 

<r 

cr> 

CA 

I 

1 

' * J 

1 * 

m 

L^^ 

ft 

VO 

ft 

CO 

Oi 

ft 

O 

ft 

ft 

>. J 

ft 

tA 

ft 

TC' 

1 

1 T~ 1 

I ^ 




Y- 

■c- 


PM 

AJ 

lM 

Ax 

1 



77 


CHAITEli IV 
GOl CLUS lOiTS 


The effect and behiviour of vprirous paranietorrj were 
sbudied and the following; conclusionf. are arrived it* Certain 
suggestions in approach to the piohlera and design recommenda- 
tions are made. The number of trials for a designer is made 
least ivhon the range of values for various parameters are 
chosen as given below, 

4.1. General: 

a. Considering the present practice in bridge design v/ith 
respect to 1,L/D.L effects, depth/spfn ratio and the stressos 
allov/able in the code, it has been found that the uppor limit 
of span in the case of simply supported case is obout 140 m. 

In the case of cantilever biidgus, the limit is about 212 m 
(pier spacing). The above epan limits ore found to be sensi- 
tive to the sliopc of the section, the span/depth ratio and the 
strength of concrecc, 

b. All attempt has been made to dc-vclop a design procedure 
for fully stressed design of the most critic?! section in 
cantilever, namely the support section. It was found that a 
fully stressed design le almost impossible because of the 
physical constraints. Most of the actual stresses in the 



section arc c"-lcnl'itcci close o? i>oscifc>l<- to the full 
pcrmiecihl^ r’trcr..c‘. so th. L thr miniinurii practic 1 constraint 
arc satisfied. It ir^ ol\;eys possible xo permit ! ic maximim 
allO''Oble strero in oo ipr.ssion c t or 'an jt lo <1 condition, 

c. The qu^fdr^.iie ■'aj'i'tioi. o the incicr.ju in tlio orca of 
crocs rcction rloii/- Ihc length of the bc-'n IcsiOc to n '/eight 
Ics . than the one c'lbh linear verio lion, i-ny higher order 
vori'tion of 1hc cross c ceion is leading to some unaccept- 
a.blc intermediate section. Dven the qu^ dre cic -/'■'natiunof cros 
section raises some, dif i icult -■'cecp t'^b' c incermediatc section 
lio'revci , 10 1C possibl', to rrrivo st the ccccptpblc sections 
't jl lilt Lrneiii''te points by psrticul r variation in the 
thin^mc's of tu'>, cop cnci bottom flangcSj. An "ccepboble 
section IS. the ore ’,/aich setisfn s .31 th^ peimssiblc stress 
G 2 ''t''ei.-' 'hide eon/ a ining lo prpocic 1 aid ninineun requirc- 
mentr. , 


'1, 2, Dv^sifn Par.ai c<. re: 

a. Tn^j shape of t'^c ciocr sectioi. of n bridge fixes the 
,/orhing .stress. It is import 'nt to choose r coriccb siiapc 
faccor. The valur. oi sli^pc factor is bctv.'Ci.n 1,15 and 0,60 
for spans from ^)0 ni to 100 m, 

b. It 1C desirable ro have higher sirengah concrete ns the 
span increases. The minimuri i/cigh-t ic obtained b 3 ^ adopting 
ra.oc Ilium depth at support, 
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. It 1l dc&ir^blc oo hrV( p ru^jcir-.vua exlicienoy r3,tio of 
the ncctiori. It ^pperre "co be rc?.coiici.Dlc to the v^lue 

of otficicj 22 cy rrfcio ip the ol 0.1^5 to 0.1i!8 for 

from 100 to 4-0 ni« 

cl. Reasonable valuco ol tcli .eicht bonding coefficient can 
be given in terras of span as rollo a. 

(i) for area of cxoos eecrion varying linearly 
(upto 80,0 ra) 

a = 2.940 + 0.02^ (I - 4-0.0) 

(ii) for arer' of cross sec lion varyint ciuadratically 
(upto 100 lu) 

C( = 3.125 + 0.029 (L - 40.0) 

e. The rnaxiinum vslui^ of steel ro fcio i-j approxiracted as 
0.22 to 0.27 lor spans from 60 m to 100 in, 

f. Value of moment jctio iiicreascs from 0,4 5 to 0.80 

in an economic design as the span decreases from 100 bo 40 m, 

4.3. Rocoinmendations : 

The following tentative recommendations are made, 
a. The free end section ic designed subject to practical 
limits. V/horeas the area of cross section at the support may be 
designed using the following guidelines. 
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1j, The xat'^ cf incrcifc . in the 'tCc oJ gi*oso section 

uloncf the epaji shell le telcen tu De qu dr^’tic, 

c. The rote Ou inorc.iKC in ihc ar-pth of sec non is lincer, 

d. The rate of incrccov- of pcrc(-ntc''pe of et^'cl ic qusdrdtic. 

0. Position ol rnchomgc ste^^l frora top edge dccrcasec: 
line rly from the free end to''ardH chc support. 

f, A Chech fox-' stress' n at intermediate points is rcqoirui, 

g, A high strength concrete con&i&t-nt oath economy he 

h, A thinner vch eonsist<^iit v/ith safety ag^’inst huclcline 
and higher ratio uf v'ldtn of bottom to top flange gonerolly 
lead to on economical design. 

1, The box section li-s an iidierent strength sgr.in&t 
torsion and lateral otobility. Theri-foic the design le not 
usually governed by ‘chesc t* o critoriOt 

3, The prestrcssing force vhich produces compressive 
strese roibcs tho level of sheer c'pacity of the section. 

In addition, the vcrfcic J oompoiii^nt 0/ the cable force 
balances some portion o the oxternol shear force. Hcnco the 
design for shear is of socondory no.ture, 

k. Check for deflections ot transfer ond \Jorking load 
conditions is necessary. 



81 


4.4. Future V/ork; 

(i) The nralysis of the atrucxJUrc by ’Lord Bclarcin^, Method’ 
IP thought to be 3.n effective method since the major p'^rt of 
the total load of the structure is knov/n, namely the dead 
load. The ipothod of load bal?.ncing is suggested for future 
\/ork. 

(ii) Cost of handling, launching, etc, ore cojieiderable, 

Cjo'zAt 

therefore miniiLiising the total vi&irsght of the structure is very 
desirable* An optinisation program v;ith the necessary physic 1 
constraints v<ill be an improvement over the study, 
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AFFEimiX I 


GOIIPUrER PROL-RaLI 

A brief descriptioxi of each of the Fortran eubroutinee 
i£ given in Section T-l. A flo\/ diagram of the main program 
IS included in 1-2. 

1-1, Description of Subroutines: 

1. Subroutine stress; 

’Subroutine SDSBSS ’ computes the stresses botih at 
tiansfer and '/orkixig coiiditions from the Jour governing 
eq.uaT,ions . I’he input data for subroutine stress are delta, 

^ , eccentricity of ste^.l, steel ratio, alpha, end R. 

2. Subroutine COEF: 

'Subroutine COEl*" gives the sectional properties 
^yt’ °yb’ from the non-dimeneionalioed factors c^, c-j^, 

C£ and c,,., . 

3. Subroutine Oil; 

This rouiine computer the two coefficients c^, and 
calls the subroutine ooef , The depth factor is also calculated 
111 ‘subroutine OM' * 

4. Subroutine BILL; 

'Subroutine BHIL' considers all the possible cases of 






































































